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Abstract—This paper studies maximum wind power extraction 

from magnetic gear generator using an artificial neural network 

for the wind energy system. High speed can be reached with this 

representation either without mechanical gear or under low wind 

conditions often found inland. In order to track maximum power, 

the artificial neural network controller adjusts the outer rotor 

speed, and thus, inner rotor speed. The proposed system is 
supported by simulation results. 
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I. INTRODUCTION  

Given the rapid development of wind turbine technology, in 
the future focus will be given on huge offshore single wind 
turbines, due to their higher wind speed and more space 
characteristics [1]. Bigger turbines reach higher heights above 
the ground, where stronger winds blow. This allows them to 
extract more energy, and to work more efficiently. Using 
higher-capacity wind turbines reduces the number of turbines 
needed for a wind farm and results in dramatic reduction of the 
cost of wind energy [2]. Wind turbines have grown from an 
average of 700kW to over 5MW during the last decade. Due to 
reliable and efficient offshore wind energy, several offshore 
wind projects have been adopted. The offshore applications 
require lager turbine units, the size of wind turbine is about 
7MW at the present time and the larger turbines of the near 
future would be about 20MW [3]. This virtual 20MW design is 
still not apt for manufacturing and is uneconomic. Its weight 
would be about 880 tones standing on top of a tower, which 
means that the plan is not feasible. The support structures could 
not carry such a big generator, the lubrication system and the 
huge mechanical gearbox elevated up to 153 meters in height 
[4, 5]. By removing the mechanical gearbox and the lubrication 
system, we can reduce the nacelle size and weight. To achieve 
this goal, we used magnetic gear power-split. The high-torque 
magnetic gear was invented and demonstrated in 2001 [6]. It 
uses permanent magnets to transmit torque between an input 
and output shaft without mechanical contact. The topology and 
high performance of magnetic gear have been presented in [6] 

and it has been shown that by using rare-earth magnets, a high 
torque density can be achieved along with a reduced acoustic 
noise and vibration, reduced maintenance and improved 
reliability, precise peak torque transmission capability, and 
physical isolation between input and output shafts [7, 8]. The 
mechanical gearbox is used extensively to increase the 
rotational speed of wind power generators. It is usually more 
costly and weights more when a high-speed electrical machine 
is used along with a gearbox to transform speed and torque. 
The mechanical gearbox requires lubrication and cooling, 
while noise, vibration and reliability can be significant issues. 
The aim of this paper is MPPT control of a 2.5MW magnetic 
gear generator, an artificial neural network controller is 
designed for the MPPT control of this system. The controller 
adjusts the outer rotor speed, and thus, the inner rotor speed. 
The effectiveness of the proposed procedure is verified by 
simulation results. 

II. OPERATING SYSTEM 

The proposed magnetic gear is showed in Figure 1. There 
are two permanent magnetic rotors and between them there is a 
ferromagnetic pole-pieces rotor. One of the two permanent 
magnet rotors is held stationary. The numbers ns=166, pl=168 
and ph=5, present the pole-pieces low-speed ferromagnetic 
rotor (input rotor), pole-pairs stationary permanent magnet, and 
pole-poles high-speed permanent magnetic rotor (output rotor) 
respectively. A wind turbine extracts kinetic energy from the 
swept area of the blades. The mechanical energy is transferred 
to the shaft of the input rotor, which is transmitted magnetically 
from the input rotor to the output rotor. The permanent magnet 
of the output rotor interacts with the stator windings to produce 
electromagnetic torque. Thus, the power captured by the wind 
turbine is transmitted to the grid by the stator winding. The 
gear ratio of the proposed machine is: 

sr h
nG p=      (1) 

We can see that the speed which needs to be applied to the 
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output rotor is independent of the torques of the rotors, and is a 
function of the applied input speed and gear ratio. The equation 
of the motions of the magnetic gear is given by [1]: 

h h s sp nω ω=      (2) 

where ωh and ωs are the speed of the output and input rotors 
respectively. The link between the torques is [1]: 

1h srT TG= −       (3) 

It is clear that the torque which needs to be applied to the 
output rotor is independent of the speeds of the rotors, and is a 
function of the applied input torque and gear ratio. 

 

 
Fig. 1.  Radial cross section of magnetic gear generator. 

The equations of the rotors motion are given by [1]: 

�	

	�� ������� � �������� � ���� � !"!# � $%#%&		

�% ���(��� � �� � ���� )(�* � !+$%#% � !)#),	
�� � -. $%+/� 0 � /0 �,

 (4) 

where θh and θs are the angular position of the output rotor and 
the input rotor respectively, φ is flux linkage, i is the current, s 
indicate the stator winding, Tturbine is the wind turbine torque, Te 
is the electromagnetic torque which results from the interaction 
between the permanent magnets on output rotor and the stator 
winding, Tmax is the maximum torque which can be produced 
by the magnetic gear and Jh and Js are the inertias of the output 
rotor and the input rotor respectively. 

III. CONTROL STRATEGY OF THE PROPOSED MAGNETIC 

GEAR GENERATOR 

Figure 2 displays the suggested control topology of the 
wind power generation system consisting of a magnetic gear 
generator connected to the grid through a back-to-back 
converter [9]. It includes two converters connected by a 
capacitor. The converter connected to the magnetic gear 
generator is used as a rectifier, while the converter connected to 
the grid is used as an inverter [15]. To determine the optimal 
generator speed that ensures maximum energy, a controller 
should be included that can track the maximum peak regardless 
of wind speed. Many maximum power point tracking studies 

have been proposed [10-14]. Since the wind energy system is a 
nonlinear form, an artificial neural network can be used to 
solve this problem. 

 

 
Fig. 2.  Magnetic gear generation topology. 

A. Magnetic Gear Generator Side Control 
The magnetic gear generator side converter is controlled the 

input rotor to the reference speed ωs
*
 using maximum power 

tracking algorithm to extract maximum power from the wind 
turbine. A wind turbine extracts kinetic energy from the swept 
area of the blades, the power transferred to the wind turbine 
rotor is [17]: 

1� � 2. 3)"4, 6&789-    (5) 

where Pt is the wind turbine power, Cp the power coefficient, ρ 
the air density, A the swept area of rotor, V the wind speed, β 
the blade pitch angle, and α the angle of attack. The tip speed 
ratio is defined as the ratio between the blade tip speed and the 
wind speed V [17]: 

: � ; <=     (6) 

where ω is the turbine rotor speed and R the radius of the wind 
turbine blade. 

The stator winding of the magnetic gear generator is 
modeled in the rotor reference frame dq-axes by: 

>9� � �?�@�� � A � � ;%/090 � �?�B�� � A 0 C ;%/�    (7) 

where v is the stator voltage and R resistance. The flux linkages 
are: 

D/� � E � � /FG/0 � E 0														    (8) 

where φPM is the flux of the permanent magnets and L the 
inductance. 

The electromagnetic torque is: 

�� � -. $%+/� 0 � /0 �,   (9) 
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From (9), due to the cross-related flux terms, it is not easy 
to control the electromagnetic torque. So, the reference frame 
dq is chosen in such a way that: 

isd = 0 and isq = is    (10) 

Now, the electromagnetic torque can be simplified into: 

�� � -. $H/FG  0     (11) 

Thus, the electromagnetic torque can be controlled through 
isq. The isd and isq errors can be tuned by a PI controller. The 
controller is based on two loops, the inner loop is a current 
controller and the outer loop is a torque controller. From (2), 
(4), (7), (8) and (11) the general structure of control strategy for 
magnetic gear generator inverter can be represented by Figure 
4. 

 

 
Fig. 3.  General structure of magnetic gear generator-side control 

B. Artificial Neural Network Based MPPT Control 
The MPPT controller adopts a back-propagation artificial 

neural network and its structure is multilayer feed-forward 
network. The study uses the learning method to estimate speed 
of magnetic gear generator, the scheme of the proposed training 
is shown in Figure 4. The rpm samples are used as targets to 
train a 3-layer network, with 1 linear neuron in the input layer, 
7 tan-sigmoid neurons in the first hidden layer, and 1 linear 
neuron in the output layer. The input network parameter wind 
speed is in (m/s) and the output network parameter is a speed of 
magnetic gear (rpm). The training operation is made in a few 
cycles using 06 input-output patterns. 

 

 
Fig. 4.  Training scheme using ANN controller 

C. Grid Side Control 
The grid side inverter controls the active and reactive power 

flowing between the inverter and the grid [14]. The active and 
reactive powers produced by the magnetic gear generator are: 

I1 � -. +J� � C J0 0,K � -. +J0 � � J� 0,    (12) 

where e is the voltage at the output inverter and i the line 
current. To overcome the problem of cross-related voltage 
terms in (12), the dq reference frame, is chosen in such a way 
that: 

v'q = 0 and v'd =│v'│    (13) 

So the active and the reactive power will be proportional to 
id and iq respectively: 

I1 � -. J� �				K � � -. J� 0     (14) 

Now, the active power can be controlled via id and the 
reactive power can be controlled via iq. The iq is usually set to 
zero in order to achieved unit power factor [15]. The voltage 
equations of grid side inverter can be defined by: 

>J� � AL � C EL ��@�� � ;EL 0 C M′�J0 � AL 0 C EL ��B�� � ;EL � 											   (15) 

where e is the voltage at the output inverter, RT and LT are the 
overall resistance and inductance of the grid-side converter and 
ω is the electrical angular velocity. From (14) and (15), the 
general structure of control strategy for grid-side inverter can 
be represented by Figure 5. The inverter is based on two loops, 
the inner loop is a current controller, and the outer loop is a dc-
link and reactive power controllers. 

 
Fig. 5.  General structure of grid side control 

IV. SIMULATION RESULTS 

To evaluate the high performance MPPT controller, 
simulations were conducted with variable wind speed. Table I 
shows the parameters of the magnetic gear generator. The wind 
speed variation is shown in Figure 6. The magnetic gear side 
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converter is controlled by the artificial neural network 
controller to maintain the output rotor to the rated speed to 
collect maximum power. As shown in Figures 7 and 9, there is 
a good agreement between the reference values of the 
estimated high speed rotor and of output rotor speed. As 
revealed in Figures 6 and 11, when the wind speed increases, 
the input mechanical power also increases and thus the 
electrical power produced by the generator increases. 

TABLE I.  SYSTEM PARAMETERS  

Magnetic gear generator 

Rated power 2.5MW 

Rated voltage 900V 

Winding resistor 0.001Ω 

Inductance Ld 0.0007H 

Inductance Lq 0.0007H 

Number of pole-pairs inner rotor 166 

Number of pole-pairs outer rotor 5 

Transmission line 

Resistance 0.01273Ω/KM 

Inductance 0.0009337H/KM 

Distance 7Km 

 
Fig. 6.  Wind speed variation vs time 

 
Fig. 7.  The output of the artificial neural network controller 

Figures 8 and 9 show the output and input rotors’ variation. 
For example, we can see that, from 18rpm of the inner rotor 
and without mechanical gear, the output rotor reached 600rpm. 
That means that even under low wind conditions often found 
inland, and without mechanical gear, high speed can be reached 
using magnetic gear generator. The performance of the 
proposed artificial neural network controller is compared with a 
fixed rated speed in Figures 11 and 12. The artificial neural 
network controller provides superior performance, as it derives 
maximum possible power from the wind at different wind 
speeds.  

 
Fig. 8.  Speed of the input rotor 

 
Fig. 9.  Speed of the output rotor 

 

Fig. 10.  dc-link voltage 

 
Fig. 11.  Power injected to the grid 
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Fig. 12.  Mechanical turbine power 

To realize the feasibility of the grid side controller, Figure 
10 presents the dc link voltage variation. The controller gives 
good agreement between the actual and reference values of the 
dc link voltage thus the actual dc voltage is almost constant 
over the whole period. 

V. CONCLUSION 

In this paper, an artificial neural network based MPPT 
controller method applied to a 2.5 magnetic gear generator was 
proposed. It was shown that with low wind conditions, high 
speed variation can be achieved using the proposed magnetic 
gear generator. The proposed controller has fast dynamic 
characteristics, regardless of the changes in wind speed. 
Simulation was performed on a 2.5MW magnetic gear 
generator and the results confirm the benefits of the proposed 
topology.  
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